The extracellular dextrans produced from sucrose by Streptococcus mutans strains BHT and GS-5 did not prevent the synthesis or release of active bacteriocins by these two strains. In addition, several streptococci that were genetically sensitive to these bacteriocins, and that could synthesize a variety of extracellular dextrans and levans from sucrose, remained phenotypically sensitive when grown in the presence of sucrose. Bacteriocin activity was not altered by treatment with high-molecular-weight dextran or by human saliva. The bacteriocins produced by, and active against, S. mutans thus appear to be capable of acting in vivo and may play a role in regulating the bacterial ecology ofthe oral cavity.
Bacteriocinogenic strains of cariogenic streptococci are known to exist in the human oral cavity (7) , but whether their bacteriocins play a role in regulating the bacterial ecology of this environment is not known. It is not yet possible to quantitate, or even detect, active bacteriocins in dental plaque and saliva, so in vivo production of bacteriocins cannot be unequivocally demonstrated; however, there are no compelling a priori reasons why bacteriocins should not be produced in the oral cavity. Current research in this area has therefore focused on the question of whether bacteriocins, particularly those of Streptococcus mutans, can exert their lethal effects under conditions simulating those of the oral environment. Thus, it has been reported that some S. mutans bacteriocins appear to be inactivated by proteolytic enzymes in saliva (8) and, more recently, that bacteriocin-sensitive strains of S. mutans and S. salivarius become insensitive to bacteriocins when grown in the presence of sucrose, due to their elaboration of dextran and levan polysaccharides (11) .
This investigation was undertaken to determine whether two S. mutans bacteriocins presently under study in (10) and is only weakly cariogenic (12) . S. sanguis 10556 (ATCC) is a noncariogenic organism (9) , isolated from a patient with subacute bacterial endocarditis, that produces both dextran and levan from sucrose (13 phere of 95% H2 and 5% CO2 (GasPak, BBL). Indicator cultures were grown overnight (16 to 18 h) at 37 C in TSB containing arginine and/or sucrose, and 2 to 3 drops was added to the appropriate top agar (melted and held at 42 C). The seeded top agar tubes were then immediately poured onto producer streak plates. After solidifying, the overlayed plates were incubated aerobically overnight at 37 C. Inhibition zones were measured and recorded the following morning. In each experiment the compositions of the media used for bottom agar, top agar, and indicator broth cultures were identical except for agar concentration and the addition of streptomycin.
The above method was used to determine whether producer cells synthesize and release active bacteriocins when grown in sucrose and whether sucrosegrown indicator cells are sensitive to these bacteriocins. The latter was also tested in an aqueous, agarfree system by using a partially purified BHT bacteriocin preparation (described below). In this method, serial dilutions of the bacteriocin suspension were spotted onto TSB-sucrose top agar overlays seeded with TSB-sucrose-grown indicator cells. Bacteriocin destruction was revealed by a reduction in the dilution of bacteriocin that showed visible inhibition of the indicator lawn after 24 h incubation at 37 C.
The effects of saliva and purified dextran on bacteriocin activity were also tested in two ways. In the first method, 0.1 ml of 1% (wt/vol) dextran 2000 or freshly collected saliva (unstimulated saliva samples from two individuals with average dental health were pooled) was spotted directly on producer streaks, either 4 h before (and held at 37 C) or immediately after overlaying with indicator cells in TSB top agar. Both untreated and sterile filtered saliva were used. After an additional 24-h incubation period, any reduction in size of the inhibition zones in the area of the spots was noted. In the second method, the cell-free BHT bacteriocin preparation was again used. The preparation was mixed with an equal volume of dextran 2000 (1% wt/vol) or unstimulated, freshly collected saliva (either untreated or sterile filtered) and incubated for 1 h in a 37 C water bath, and then serial dilutions were spotted onto TSB top agar lawns seeded with S. pyogenes. After 4 h of incubation at 37 C, destruction of bacteriocin activity was evidenced by a reduction in the highest dilution that showed visible inhibition of the indicator lawn.
Preparation of cell-free BHT bacteriocin. Strain BHT was grown overnight at 37 C in a sterile medium composed of half-strength APT broth (BBL) and 4% (wt/vol) yeast extract. The culture was sonicated for 1 min (Branson LS 75 Sonifier, 6A) and centrifuged for 10 min at 8,000 x g, and the supernatant fluid was removed and adjusted to pH 7.4 with 0.1 N NaOH. Solid (NH4)2SO4 (Sigma, enzyme grade) was then slowly added to 75% saturation, and the mixture was stirred gently for 4 h at 4 C. The precipitate from 100 ml of culture was collected by centrifuging for 10 min at 10,000 x g, redissolved in 5 ml of phosphate buffer (0.05 M, pH 7.0), dialyzed for 18 h against three 1,000-volume changes of buffer at 4 C, adjusted to pH 7.0, and then sterile filtered (Nalgene Corp., disposable membrane filters, 0.45-,um pore size). The preparation used for all the experiments reported here showed detectable bacteriocin activity in spot tests at a dilution of 1:100.
RESULTS
BHT bacteriocin activity at neutral pH. To eliminate the possibility that inhibition zones might be due to the relatively high levels of lactic acid produced by S. mutans rather that to bacteriocins per se, L-arginine was added to bottom and top agar media to control the pH. Strain BHT, along with S. pyogenes and S. mutans strains belonging to Bratthall's serological group b, has a potent arginine deiminase (4; L-arginine iminohydrolase, EC 3.5.3.6); the production of ammonia from added arginine thus neutralizes the acid(s) produced during metabolism. The amount of arginine needed to maintain the pH near 7.0 was determined empirically in preliminary experiments. When 1.5% arginine was added to TSB agar, the final pH, after 24 to 48 h of growth at 37 C, was in the range of 6.8 to 7.2. Under these conditions the sensitive indicator S. pyogenes was strongly inhibited by BHT bacteriocin; the inhibition zone was, in fact, significantly larger than on unsupplemented TSB agar, where the pH could drop as low as 5.2 (Fig. 1) . The larger zone at higher pH may have been due to a higher cell yield under these conditions, to stimulation of bacteriocin production, or to enhancement of bacteriocin activity. In any case, inhibition of the sensitive indicator strains by BHT was not due to acid.
Bacteriocin production by sucrose-grown
on October 26, 2017 by guest http://iai.asm.org/ Downloaded from bacteriocinogenic strains. GS-5 and BHT were streaked on TSB-sucrose and TSB-sucrose-1.5% arginine agar media, respectively, and incubated for 48 h at 37 C in an atmosphere of 95% H2 and 5% CO2 to allow maximum synthesis of dextrans before overlaying. The plates were then overlayed with top agar (containing the same concentration of arginine and/or sucrose) seeded with an overnight TSB-sucrose broth culture of S. pyogenes (Fig. 2) . In this experiment the producer cells were always coated _~c7Lo~c eT _ with extracellular dextrans but, as can be seen, no diminution of inhibition zones was evident. This result confirms the report of Rogers (11), who also found that growth of S. mutans in sucrose did not prevent the synthesis and release of bacteriocins. Effects of saliva and dextran on bacteriocins produced in agar media. Spotting freshly collected, unsterile saliva on top of 48-h producer streak colonies did not reduce the size of inhibition zones that developed on subsequent r n m (Fig. 3) . Here streptomycin was incorporated into the top agar to minimize growth of contaminants from the raw saliva. Identical results (not shown) were obtained by spotting with sterile filtered saliva and dextran 2000.
Effects of saliva and dextran on cell-free BHT bacteriocin activity. When the partially purified BHT bacteriocin was incubated with saliva (either raw or sterile filtered), no reduction in bacteriocin activity could be detected by spotting serial dilutions on lawns ofS. pyogenes (Fig. 4) . Here the pH of the saliva-bacteriocin system could be controlled, and no difference was observed when the pH was adjusted to 6.0, 6.5, or 7.0. Again, identical results (not shown) were obtained by incubating the bacteriocin preparation with dextran 2000.
Susceptibility of polysaccharide-synthesizing, sucrose-grown indicators. When genetically sensitive strains were pregrown in TSBsucrose broth, inoculated into TSB-sucrose top agar, and overlayed on 2-day-old TSB-sucrose agar streak cultures of GS-5 and BHT, clear inhibition zones developed after incubation. Moreover, the zone sizes did not differ from those on sucrose-free media (data not shown). Figure 5 shows the results with GS-5, using arginine-free media, and Fig. 6 shows the results with BHT, using arginine-containing media to control the pH. In all cases the sensitive indicator strains remained sensitive to both bacteriocins when grown in the presence of sucrose. Under these conditions strains 13419 and 9809 synthesized copious amounts of extracellular polysaccharides, which is clearly evident from the figures. Strains FA-1 and 10556 produced tenacious dextran lawns under these conditions, but these lawns did not have the highly mucoid, "photogenic" appearance obtained with the other strains. The inhibition zones against FA-1 were quite narrow because this strain was the least sensitive of all the indicator strains. Since the relative size of the inhibition zones produced against each indicator strain, by both producers, remained constant on a wide variety of sucrose-free media (data not shown), the zone sizes reflect differences in sensitivity to the bacteriocins rather than differences in the type or quantity of extracellular polysaccharides synthesized from sucrose. The possibility that zone size differences may be due to multiple bacteriocins cannot be ruled out but is considered unlikely since single-step mutants of BHiT that had lost bacteriocin activity against S. pyogenes lost activity against all the other indicator strains at the same time (Delisle, unpublished data).
When BHT cell-free bacteriocin was spotted onto TSB-sucrose top agar lawns seeded with sucrose-grown cultures of strains 13419, 9809, FA-1, and 10556, definite inhibition zones developed (after overnight incubation) at all dilutions that gave positive results in the complete 9809 
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Bl.Ti _ _~~~~~~~~-F IG. 3 . Effect ofsaliva on bacteriocin activity in agar. A streak colony ofBHT on TSA-arginine was spotted with saliva (arrow), incubated for 4 h at 3 7 C, and then overlaid with TSB-streptomycin top agar seeded with S. bovis 9809strr. After 18 h the indicator lawn shows no discernible reduction in the size ofthe inhibition zone in the region of the saliva. Effect of untreated and sterile filtered saliva on the activity ofcell-free BHT bacteriocin. Bacteriocin was mixed with an equal volume of(A) sterile TSB, (B) raw saliva, or (C) sterile filtered saliva and incubated for I h at 37 C. Serial dilutions (indicated on plates) were then spotted onto fresh overlays of S. pyogenes in TSB top agar. The plates were incubated at 37 C and photographed at 4 h. absence of sucrose (data not shown), thus confirming that the polysaccharides synthesized by the indicators do not prevent bacteriocin adsorption and activity. DISCUSSION The observation that inhibition zones produced by BHT in the presence of arginine are larger than those in the absence of arginine (Fig. 1) , for whatever reason, suggests that the frequent, drastic changes that occur in the oral environment could greatly influence the production of bacteriocins in vivo. Information on the effects of these changes is needed since it might enable us to control specific species in the mouth by treatments that stimulate (or repress) bacteriocin synthesis.
Some workers have claimed that the coexistence of producer and sensitive strains of S. mutans at the same site is common and that this implies that bacteriocins do not inhibit sensitive strains in vivo (8, 11) , otherwise sensitive strains would be eliminated from the oral cavity; however, no data (or identification of specific strains) have been presented to support this view. These claims may therefore be based on observations of acid sensitivity rather than on sensitivity to bacteriocins. It has recently / .
VOL. 13, 1976 been shown, for example, that the vast majority of bacteriocin-like inhibition zones produced by oral streptococci against each other are due solely to acid (2). From the above, it could be argued that the activity of and susceptibility to GS-5 bacteriocin in the presence of saliva and polysaccharides may be reduced or even eliminated, and the results reported here are really due to acid inhibition of the various indicator strains. In the case of strain BHT, the use of argininecontaining media precludes such an argument since the amount of ammonia released by the arginine deiminase of this organism is sufficient to neutralize all of the acid produced during growth.
The results reported in this study do not answer the question of whether S. mutans trum of gram-positive organisms, including S. pyogenes and Staphylococcus aureus (6, 7), they may actually be of some value in protecting the oral mucosa from infection by transient pathogens. Finally, the fact that some bacteriocins can function under conditions similar to those found in the oral cavity, as demonstrated in this study, opens the door to possible use of purified bacteriocins for the treatment and prevention of dental caries. The excellent assistance of Monica Thomas is gratefully acknowledged.
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